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SPECIFICATION 
tlVE APPARATUS FOR HYBRID VEHICLE 


TECHNICAL FIELD 

The present invention relates to a drive apparatus in a hybrid 
vehicle of a parallel type in which an engine and a motor are 
connected for being u^d as a power source, and more particularly 
to a drive apparatus fdr a hybrid vehicle in which a motor is 
additionally provided ±\ an automatic transmission, 

BACKGROUND ART 

Conventionally , there has\ been proposed a drive apparatus for a 
parallel hybrid vehicle structured such that both of an engine and 
a motor generator are additionally provided in an automatic 
transmission so as to transmit\ driving forces of both of the 
engine and the motor generator Vo the automatic transmission at a 
time of starting, accelerating or the like, make the motor 
generator function as a generator! at a time of traveling downhill 
or braking, thereby supplementing engine brake effect, and 
regenerate a braking energy thereby^ improving fuel economy and 
reducing a discharge amount of exhaust gas. 

Among the drive apparatuses of this kind, for example, as 
disclosed in U.S. Patent No. 5,789,823, there is a structure in 
which a motor generator is arranged in\an outer side in a 
diametrical direction of a torque converter and a rotor of a motor 
generator is integrally fixed to a small\ diameter portion formed 
in the torque converter. 
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Howfever, in the structure mentioned above, since the rotor is 
adhereld to the outer side in the diametrical direction of the 
torque Converter, a position of the rotor is changed at a time 
when the \orque converter is deformed by a centrifugal hydraulic 
pressure, ^charge or the like, so that there is a risk that the 
rotor is interfered with a stator due to a diametrical movement. 
Accordingly, i\ order to prevent the interference between the 
stator and the rVtor, it is necessary to determine an interval 
between the rotor \and the stator in expectation of the deformation 
of the torque converter. However, when the interval between the 
stator and the rotor Ys increased, efficiency of the motor is 
reduced. Further, axi^L positions of the stator and the rotor are 
shifted due to an axial movement, whereby efficiency of the motor 
is reduced. Further, since the torque converter generates a lot 
of heat, when the torque converter and the rotor are integrally 
constituted, heat is transmitted from the torque converter 
resulting in demagnetizing. Further, if a lockup clutch and the 
rotor are arranged close to eacli other, dusts such as iron powders 
or the like are stored in the lookup clutch due to a magnetic flux 
output from the magnet, thereby preventing the lockup clutch from 
operating. \ 

Accordingly, an object of the present invention is to provide a 
drive apparatus for a hybrid vehicle which does not reduce an 
efficiency of a motor while reducing aA axial dimension of the 
drive apparatus. \ 

DISCLOSURE OF THE INVENTION 

According to the present invention, as sihown in Figs. 4 to 8, 


there is provided a drive apparatus for a hybrid vehicle 
compMsing: an engine; a motor constituted by a stator and a 
rotor; Vn automatic transmission having a fluid transmitting 
apparatus^; a case for receiving the motor; and a driving force 
output f roni the engine and the motor being transmitted to an input 
member of th\ fluid transmitting apparatus, 

characterized Yn that the motor is arranged in a side of an outer 
diameter of the Yluid transmitting apparatus at a position at 
which at least a part of the motor is overlapped with the fluid 
transmitting apparatus in an axial direction, with a predetermined 
gap between the rotor\and the fluid transmitting apparatus, and 
the rotor is supported Yyy one of the fluid transmitting apparatus 
and an output shaft of tfte engine or a combination of any two 
among the fluid transmitting apparatus, the case and the output 
shaft of the engine. \ 

Accordingly, since the motoV is arranged at a position at which 
at least a part of the motor isi overlapped with the fluid 
transmitting apparatus in the a^Lal direction, the axial dimension 
of the drive apparatus is reducedX Further, since the motor is 
arranged in the side of the outer ckameter of the fluid 
transmitting apparatus, with the predetermined gap between the 
rotor and the fluid transmitting apparatus, the position of the 
rotor does not move even when the fluicA transmitting apparatus is 
deformed by the centrifugal hydraulic pressure, the charge or the 
like. Accordingly, there is not generated a disadvantage that the 
rotor is moved in the diametrical directiom so as to be interfered 
with the stator. Further, since the interference between the 


3 


rotolt and the stator is not generated, it is not necessary to 
secureythe gap between the stator and the rotor to be a little 
large, that efficiency of the motor is not reduced. Further, 
the heat output from the fluid transmitting apparatus is not 
easily transmitted and the magnet is not degaussed. 

According t<\the present invention, as shown in Fig. 4, the 
drive apparatus \s characterized in that the rotor is supported by 
the output shaft the engine and an input member of the fluid 
transmitting apparatus . 

Accordingly, since -che rotor is supported by the output shaft of 
the engine and the inpua member of the fluid transmitting 
apparatus, the position ok the rotor is not. easily shifted, and it 
is easy to accurately set tite gap between the rotor and the fluid 
transmitting apparatus . \ 

According to the present invention, as shown in Fig. 5, the 
drive apparatus is characterized Yin that the rotor is fixed to and 
supported by the input member of t\e fluid transmitting apparatus. 

Accordingly, since the rotor is foteced to and supported by the 
input member of the fluid transmitting apparatus , it is easy to 
accurately set the gap between the rotoSr and the fluid 
transmitting apparatus. \ 

According to the present invention, as sVown in Fig. 6, the 
drive apparatus is characterized in that tha rotor is fixed to and 
supported by the output shaft of the engine. \ 

Accordingly, since the rotor is fixed to and\supported by the 
output shaft of the engine, the rotor does not mbve in the axial 
direction even when the fluid transmitting apparatus is deformed 
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by the centrifugal hydraulic pressure or the like. 

According to the present invention, as shown in Fig. 7, the 
drive apparatus is characterized in that the rotor is supported by 
the case aim the input member of the fluid transmitting apparatus. 

Accordingly since the rotor is supported by the case and the 
input member ok the fluid transmitting apparatus, it is possible 
to more reliably \prevent the rotor from being shifted from the 
stator . 

According to the present invention, as shown in Fig. 8, the 
drive apparatus is characterized in that the rotor is supported by 
the case and the output srhaft of the engine. 

Accordingly, since the rotor is supported by the case and the 
output shaft of the engine, m is possible to reliably prevent the 
rotor from being shifted from ishe stator in both of the axial 
direction and the diametrical direction. 

According to the present invention, the drive apparatus is 
characterized in that the rotor has V shaft portion at a center of 
rotation thereof, and the shaft portio^of the rotor is in contact 
with an output shaft of the engine in an axially narrow area, 
thereby being supported by the output shc^ft in such a manner as to 
freely move relatively, 

Accordingly, since the shaft portion of tfte rotor is in contact 
with the output shaft of the engine in the axially narrow area, 
thereby being supported by the output shaft in\such a manner as to 
freely move relatively. Therefore, it is possible to reduce a 
transmission of an explosive vibration of the engine to the rotor, 
thereby making the gap between the rotor and the sttator small and 


increasing efficiency of the motor. 

According to the present invention, the drive apparatus is 
characterised in that a concave portion is formed on an end 
surface of ^tfie output shaft of the engine, and in an axially 
narrow area Dormed is an annular, protruding groove portion is 
formed, and a srtiaft portion of the rotor is inserted to the 
concave portion \nd the protruding groove portion is in contact 
with the output slraft, thereby being supported by the output shaft. 

Accordingly, the soncave portion is formed on the end surface of 
the output shaft of uhe engine, the annular protruding groove 
portion is formed in tr^ axially narrow area, and the shaft 
portion of the rotor is Ynserted to the concave portion and the 
protruding groove portionyis in contact with the output shaft, 
thereby being supported by\the output shaft. Therefore, it is 
possible to reduce a transmission of an explosive vibration of the 
engine to the rotor, thereby increasing efficiency of the motor. 

According to the present invention, the drive apparatus is 
characterized in that the f luidytransmitting apparatus has a front 
cover covering a turbine runner and serving as the input member 
connected to a pump impeller, andythe rotor is supported in a 
portion opposing the rotor in the |ront cover and in a side of an 
outer diameter of the cover. 

Accordingly, the rotor is supported in the portion opposing the 
rotor in the front cover and in the side of the outer diameter of 
the cover, however, a degree of deformation of the cover due to 
hydraulic pressure is smaller in the siMe of the outer diameter 
than in a center portion of rotation (in\a side of inner diameter), 


so tn|at even in the case that the cover is deformed by hydraulic 
pressure, it is possible to prevent a centering accuracy of the 
rotor firom being deteriorated. 

According to the present invention, the drive apparatus is 
characterised in that the fluid transmitting apparatus has a 
center pieca at a center of rotation thereof and the rotor is 
centered by tne center piece. 

Accordingly ,\it is possible to increase a centering accuracy of 
the rotor. 

According to tlie present invention, the drive apparatus is 
characterized by providing a flex plate for transmitting a driving 
force between the output' shaft of the engine and the rotor, a part 
of the flex plate islextended out to a side of an outer diameter 
of the stator in the motor, and a sensor for detecting a phase of 
the rotor in the motor Vs arranged in the side of the outer 
diameter of the motor so\as to detect the extended portion of the 
flex plate. 

Accordingly, since the sensor for detecting the phase of the 
rotor in the motor is arranged in the side of the outer diameter 

\ 

of the motor so as to detect tvhe extended portion of the flex 
plate, it is sufficient to directly support the sensor by a front 
end portion of a fixing member s\ch as a motor housing or the like, 
whereby it is possible to reduce an axial dimension of the 
apparatus. Further, since the phase of the rotor in the motor is 
detected by using the flex plate, it\is possible to detect the 
phase without the necessity that a new^ member for being detected 
is provided. 


According to the present invention (for example, refer to Fig. 
3), thit drive apparatus is characterized in that an end portion of 
an outpirt shaft in the engine is rotatably supported by a bearing 
portion, concave portion is formed on an end surface of the 
output shafuy, the rotor has a shaft portion in a center of 
rotation thereof, the shaft portion is inserted to the concave 
portion so as t\ be supported to the output shaft, and a portion 
to which the shaft portion of the rotor is supported is arranged 
so that at least a\part of the portion is overlapped in an axial 
direction with the bearing portion. 

Accordingly, since tMie engine output shaft is supported in the 
bearing portion so thatVthe rotor is overlapped with the portion 
supported to the engine output shaft, a force applied to the 
engine output shaft by supporting the rotor can be directly 
received by the bearing ported. on supporting the engine output shaft, 
and it is possible to reduce \in influence of the rotor on the 
engine output shaft, and further, since the portion supporting the 
rotor in the engine output sham has less vibration due to the 
support by the bearing portion even in an eccentric rotation of 
the engine output shaft caused by tshe explosive vibration of the 
engine, the eccentric rotation gives\less influence to the rotor 
and it is possible to support the rot<*r with a high accuracy. 

According to the present invention, t^he drive apparatus is 
characterized in that the engine output khaft and the input member 
of the fluid transmitting apparatus are supported so as to freely 
move relatively and connected so as to free\y move in an axial 
direction. \ 
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Accordingly, since the engine output shaft and the input member 
of the fluid transmitting apparatus are supported so as to freely 
move relatively and connected so as to freely move in an axial 
direction, the rotor side is not affected by the deformation of 
the fluid transmitting apparatus due to the centrifugal hydraulic 
pressure or the like. 

In accordance with a fourteenth aspect of the present invention, 
the drive apparatus is characterized in that the engine output 
shaft and the input member of the fluid transmitting apparatus are 
supported so as to freely move relatively and connected so as to 
freely move in an axial direction. 

Accordingly, since the engine output shaft and the input member 
of the fluid transmitting apparatus are supported so as to freely 
move relatively and connected so as to freely move in an axial 
direction, the rotor side is not affected by the deformation of 
the fluid transmitting apparatus due to the centrifugal hydraulic 
pressure or the like. 

According to the present invention, the drive apparatus is 
characterized in that the rotor and the input member of the fluid 
transmitting apparatus are integrally fixed so as to be rotatably 
supported to the case and connected to the output shaft of the 
engine so as to freely move in the axial direction. 

Accordingly, since the rotor and the input member of the fluid 
transmitting apparatus are integrally fixed so as to be rotatably 
supported to the case and connected to the output shaft of the 
engine so as to freely move in the axial direction, it is possible 
to prevent the rotor from being shifted from the stator. 


Acceding to the present invention, the drive apparatus is 
characterized in that the rotor and the output shaft of the engine 
are integrally fixed so as to be rotatably supported to the case 
and connected to the input member of the fluid transmitting 
apparatus so \s to freely move in an axial direction with each 
other. \ 

Accordingly, sftace the rotor and the output shaft of the engine 
are integrally fixad so as to be rotatably supported to the case 
and connected to theXinput member of the fluid transmitting 
apparatus so as to freely move in an axial direction with each 
other, it is possible t^D prevent the rotor from being shifted from 
the stator, \ 

According to the present invention, the drive apparatus is 
characterized in that the r^Luid transmitting apparatus has a front 
cover covering a turbine runmer and serving as the input member 
connected to a pump impeller , Ythe front cover has a flat portion 
extending in an axial direction^ and the rotor is arranged in a 
side of an outer side of the fla\ portion with the predetermined 
gap. \ 

Accordingly, since the front cover has the flat portion 
extending in the axial direction andVthe rotor is arranged in a 
side of an outer side of the flat portion with the predetermined 
gap, an axial length of a whole of the\drive apparatus can be 
reduced. \ 

According to the present invention, the\ drive apparatus is 
characterized in that the predetermined gag is within a range 


Accordingly, since the predetermined gap is within the range 
between\D.8 and 3.5 mm, it is possible to prevent the dusts such 
as the iratfi powders from being stored in a position close to the 
rotor withi\ the fluid transmitting apparatus due to the magnetic 
flux output fhom the magnet of the rotor. 

According to wie present invention, the drive apparatus is 
characterized in tthat the fluid transmission apparatus is 
• constituted by a muBfci-disc clutch and has a lockup clutch for 
connecting the input member to the turbine, and the lockup clutch 
is arranged in a side o\ an inner diameter of the flat portion in 
the front cover . \ 

Accordingly, the lockup clutch is arranged in the side of the 
inner diameter of the flat portion in the front cover, however, on 
the sake of the predetermined \ap, it is possible to prevent the 
dusts such as the iron powders fiarom being stored in the lockup 
clutch due to the magnetic flux output from the magnet of the 
rotor . 

In the present invention, the motoV is not limited to a so- 
called narrow-defined motor for convening electric energy into 
rotational motion, but includes a so-ca\led generator for 
converting rotational motion into electric energy, the engine 
means a structure for converting an energy\ obtained by burning a 
fuel into the rotational motion and included a gasoline engine, a 
diesel engine and the like, and the bearing jrortion is not limited 
to a ball bearing such as a roller bearing and^he like, and 
includes all the shaft support portion, for examble, a slide 
bearing such as a metal bearing, a journal bearingu a static 
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pressure bearing and the like, an oil retaining bearing, a gas 
bearing and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 3te a cross sectional view showing an embodiment of a 
structure o\ a drive apparatus for a hybrid vehicle in accordance 
with the present invention; 

Fig. 2 is a <3oross sectional view showing a torque converter and 
a motor generato\ portion corresponding to a primary portion 
thereof; 

Fig. 3 is a cross\ sectional view showing a motor generator 
portion in accordance with a partly modified embodiment; 

Fig. 4 is a skeleto^ view showing a variation of a support 
aspect of a rotor; 

Fig. 5 is a skeleton V|ew showing a variation of a support 
aspect of a rotor; 

Fig. 6 is a skeleton vie\\ showing a variation of a support 
aspect of a rotor; 

Fig. 7 is a skeleton view showing a variation of a support 
aspect of a rotor; 

Fig. 8 is a skeleton view showing a variation of a support 
aspect of a rotor; and 

Fig. 9 is a schematic view explaining definitions of reference 
symbols used in Figs. 4 to 8 


BEST MODE FOR CARRYING OUT THE INVENTION 

A description will be given below of Ian embodiment in accordance 
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with Yhe present invention with reference to the accompanying 
drawing^ . 

Fig. l\is a cross sectional view showing an embodiment of a 
structure \f a drive apparatus for a hybrid vehicle in accordance 
with the present invention, and Fig. 2 is a view showing a primary 
portion of th^drive apparatus for a hybrid vehicle. 

A drive apparatus 1 for a hybrid vehicle shown in the drawings 
is structured sucm that a motor generator 6 is additionally 
provided in a torque^ converter portion of a conventional automatic 
transmission A/T, and\is provided with an internal combustion 
engine 13 such as a gasoline engine or the like, a motor generator 
(a motor) 6 constituted rW a brushless DC motor or the like housed 
in a motor housing 15, and\an automatic transmission Di to which a 
driving force output from thte engine 13 and the motor generator 6 
is transmitted. That is, theWive apparatus 1 for a hybrid 
vehicle according to the invention is structured such that the 
motor generator 6 and the automatic transmission D x are 
sequentially arranged from a side W the engine. 

In this case, a crank shaft (an output shaft) 52 is extended 
from the internal combustion engine 1^3 to the motor generator 6, 
and a flexible drive plate 55 is fixed\to a front end portion of 
the crank shaft 52 by a bolt 53. Furthe\, a flexible input plate 
51 is arranged at a position opposing thisk drive plate 55 in a 
state that front end portions thereof are f|xed and connected to 
each other by a bolt 56, and a flex plate isYconstructed by these 
plates 51 and 55. In this case, a hole porticrci (a concave 
portion) 52a is pierced on an end surface of tire crank shaft 52 of 


the iivternal combustion engine 13 (details will be described 
later) A 

On theVcontrary , the motor generator 6 has a stator 4 2 and a 
rotor 43. \Among them, the rotor 43 is constituted by a lot of 
laminated pistes 43a to which permanent magnets are inserted, and 
a support pla-ra 45 for fixing and supporting these laminated 
plates 43a. TheXsupport plate 45 is constituted by a cylindrical 
shaft portion 45a\arranged at a center of the rotation thereof, a 
disc portion 45b connected to the shaft portion 45a and arranged 
along the drive platAss and a cylindrical holding portion 45c 
connected to an outer edge portion of the disc portion 45b, and 
the laminated plates 4 3a\mentioned above are held in the holding 
portion 45c in a state ofNbeing arranged in an axial direction. 
Further, as in detail showrAin Fig. 2, an annular protruding 
groove portion 4 6 is formed o^i an axially narrow area on an outer 
peripheral surface of a front Vnd portion in the shaft portion 45a 
(that is, a band-like area on the outer peripheral surface of the 
shaft portion 45a and having a narrow width in the axial 
direction) . The shaft portion 45aVis inserted to the hole portion 
52a of the crank shaft 52 and the p^ptruding groove portion 46 is 
in contact with an inner surface of t3he hole portion in the crank 
shaft 52, whereby the shaft portion 45\ is supported by the crank 
shaft 52 in such a manner as to freely move relatively. 
Accordingly, it is possible to center thek shaft portion 45a by 
suitably positioning the housing. \ 

In this case, in Figs. 1 and 2, the hole portion 5 2a is formed 
in the side of the crank shaft 52 and the shaft portion 45a of the 
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rotos is inserted to the hole portion 52a, however, the structure 
is no\. of course limited to this, as far as the shaft portion 45a 
is in obntact with the crank shaft 52 of the engine in the axially 
narrow area, whereby the shaft portion 45a is supported by the 
crank sharfe 52 in such a manner as to freely move relatively, the 
structure imay be made such that the hole portion is formed in the 
side of the ahaft portion 45a of the rotor and the crank shaft 52 
is inserted to\ the hole portion. 

On the contraVy, the structure is made such that an inner edge 
portion of the iXput plate 51 mentioned above is fixed to the disc 
portion 45b by a ctplt 54, and the flex plate constituted by the 
input plate 51 and the drive plate 55 is arranged between the 
crank shaft 52 of the internal combustion engine and the rotor 43 
so as to transmit driving force. 

A lot of iron cores \2a are fixed to the motor housing 15 so as 
to oppose the laminated \plates 43a with a little gap, and a coil 
4 2b is wound around the J^ron cores 4 2a, whereby the stator 4 2 is 
constructed. In this easel the stator 42 is set to be as great as 
possible within a range of weeping a minimum ground height of the 
vehicle, and a predetermined ^output is secured for a multi- 
polarization. Further, the laiMnated plates 43a of the rotor 43 
has a strength at a degree capable of sufficiently resisting a 
centrifugal force. \ 

In this case, a part of the flexV>late mentioned above is 
extended out to a side of an outer diameter of the stator 4 2 in 
the motor generator 6. A sensor 4 7 isXarranged at a position 
axially overlapping with the motor generator 6 (that is, a 
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position opposing the flex plate) in the side of the outer 
diameteA of the motor generator 6, and the extended portion of the 
flex plats^ is detected by the sensor 47, whereby a phase of the 
rotor 4 3 in\the motor generator 6 is detected. The sensor 4 7 is 
arranged at affront end (an engine side) of the motor housing 15 
so as to be directed in an outer diameter side, and a detecting 
portion 4 7a thereof is arranged in a concave portion D formed by 
an outer diameter \protruding portion 15a of the motor housing 15 
On the contrary, th\ input plate (the flex plate) 51 integrally 
connected to the rotc^jr disc portion 45b extends out in the outer 
diameter direction, is\bent in such a manner as to cover one outer 
diameter side of the sta^tor coil 42b by a front end thereof, and 
constructs a portion to be detected by the detecting portion 47a, 
together with a plate 51b integrally welded in the outer diameter 
portion. The detecting portion 4 7a is provided for accurately 
detecting a rotational position of the rotor 4 3 so as to control a 
timing of an electric current be flowed to the stator 42. As 
well as it is possible to detectX the rotational position of the 
rotor 4 3 by the sensor 4 7 so as t\ secure a performance of the 
motor generator 6 and it is possible to reliably prevent a reverse 
rotation at a time of starting, no pWticular axial space is 
required for placing the sensor 4 7 an\ it is possible to prevent a 
total length from being increased, 

On the contrary, the automatic transmission D x mentioned above 
is constituted by a torque converter (a fBjUid transmitting 
apparatus) 5 and a multi-stage speed changeXmechanism 2. Among 
them, the multi-stage speed change mechanism\2 is constituted by a 
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main sp^eed change mechanism portion 7 housed in a mission case 4 
and coa^Aally arranged with an input shaft 10, a sub speed change 
mechanism Vortion 9 coaxially arranged with a counter shaft 8 
parallel toVhe input shaft, and a differential apparatus 11 
coaxially arranged with a front wheel drive shaft, and is of a 
front engine andv front drive type (FF type) in which the above 
elements are housed in an integral case capable of being separated, 

Further, the torqueV converter 5 is, as in detail shown in Fig. 2, 
housed in a converter Nhousing 12 and has a lockup clutch 3, a 
turbine runner 16, a pump impeller 17, a stator 19 and a front 
cover (an input member of >a transmission) 3 0 arranged so as to 
cover them, a center piece 3C is fixed to an outer side in a 
center portion of rotation inV.he cover 3 0 and a lockup piston hub 
33 is fixed to an inner side thereof. 

Among them, the front cover 30 Jvs constituted by a disc-shaped 
inner diameter portion 3 0a arrangedVto be along the disc portion 
45b of the rotor 43, a cylinder-shape^ middle portion 30b 
connected to an outer edge portion of t^ie inner diameter portion 
3 0a and arranged to be along the holding \portion 4 5c, and an outer 
diameter portion 30c connected to the midd\e portion 30b, formed 
so as to be along an outer shape of the turt^Lne runner 16 and 
fixed to the pump impeller 17. In this case, \he stator 42 and 
the rotor 43 mentioned above are respectively arranged at 
positions aligned in the side of the outer diameter of the middle 
portion 3 0b in the front cover 30. Further, a predetermined gap C 
exists between the middle portion 3 0b and the holdinW portion 45c. 
Further, the center piece 31 is inserted to the shallt portion 
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45a o& the rotor 43 in such a manner as to freely move relatively 
in the aucial direction, thereby centering the rotor 4 3 with 
respect t\ the torque converter 5. The torque converter 5 is 
structured \uch that an outer shell thereof (the front cover 30 or 
the like) is Reformed by a change of a centrifugal hydraulic 
pressure and aVtharge pressure, particularly, an amount of 
deformation is greater in an axial deformation at the center 
portion of rotation^ and accordingly, the center piece 31 moves in 
the axial direction, Viowever, since the center piece 31 and the 
rotor shaft portion 4s\ are supported so as to freely move 
relatively as mentioned \bove, a support accuracy of the rotor 43 
is not affected by the axial movement of the center piece 31. 

Further, the rotor 4 3 is Vixed to the inner diameter portion 30a 
of the front cover 30. That Vs, the disc portion 45b of the rotor 
43 is fixed in the inner diameVer portion 3 0a of the front cover 
30 opposing the disc portion 45a and in the side of the outer 
diameter of the front cover 3 0 bAa bolt 3 4a and a nut 3 4b welded 
to the front cover 30. Accordingly^, since the torque converter 5 
is deformed to be large in the center portion in the rotational 
direction and to be small in the sideXof the outer diameter of the 
front cover 3 0 as mentioned above, the Votor 4 3 mounted in the 
side of the outer diameter of the front sover is not largely 
affected by the deformation of the torque \converter 5 in view of 
the support accuracy. \ 

In this case, the lockup piston hub 33 is qylindrically formed 
as illustrated and arranged so as to surround \he input shaft 10, 
and an oil seal is arranged between the lockup Mston hub 33 and 
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the 3toput shaft 10. 

Further, the rotor 43 is supported by the crank shaft 52 so as 
to freejW move relatively as mentioned above, however, with 
respect t\ the axial direction, is restricted by the drive plate 
55 and the \nput 51 constituting the flex plate so that a movement 
becomes a little. 

Further, sin\e the crank shaft 52 and the rotor shaft portion 
4 5a are in contact only at the narrow protruding groove portion 46, 
the contact position is only changed even if the crank shaft 52 
eccentrically rotates due to the explosive vibration of the engine 
13, so that it is possible to reduce the transmission of the 
eccentric rotation in wie side of the crank shaft 52 to the side 
of the rotor shaft portion 45a. 

Further, the lockup clutch 3 mentioned above is housed and 
arranged in the inner diameuer side of the middle portion 3 0b of 
the front cover 30. The lockup clutch 3 is provided with a drum 
32 fixed to the inner diameter\portion 3 0a of the front cover and 
extended in an axial direction a^ong the middle portion 3 0b, a 
spline is formed on an inner peripheral surface of the drum 32 in 
an axial direction, a plurality of \>uter friction plates 3 7 are 
supported to the spline, and the oute^r friction plates 37 are 
prevented from coming off by a snap ring 39. Further, a piston 
plate 40 is arranged between the inner peripheral surface of the 
drum 32 and an outer peripheral surface o\a lockup piston hub 33 
so as to freely move in a close contact sta\e. Further, a hub 20 
is spline connected to the input shaft 10 in\the vicinity of the 
lockup piston hub 33, a hub 35 is supported tcAthe hub 20, and a 
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dampe^r spring 3 8 is interposed between both of the hubs so as to 
consti\ute a spring damper for absorbing impact rotation. Further, 
the hub ^85 is extended to a position opposing the drum 32, and a 
pluralityNof inner friction plates 36 are spline connected to a 
surface opposing the drum 32. That is, a multi plate disc clutch 
is constructed! by the outer friction plates 3 7 and the inner 
friction plates\3 6 . 

Further, an orifice hole, formed in the piston plate 40 
mentioned above, c^n communicate between both of oil chambers 
partitioned by the p\ston plate 4 0 while throttling a hydraulic 
pressure between both\pf the oil chambers, changes a flow 
direction of the oil so\as to move the piston plate 40, can 
control a pressing force Applied to the outer friction plate 37 of 
the piston plate 40, and c^n control connection, release or slip 
between the friction plates\36 and 37. 

In this case, the lockup clVtch 3 is formed so as to have a 
diameter smaller than that of \ truss constituted by the turbine 
runner 16 of the torque converter 5 and the outer shell of the 
pump impeller 17, and particularly arranged so that the drum 32 is 
positioned in a substantially cente\ portion in a radial direction 
of the tourus. 

Further, the lockup clutch 3 has a s%iall diameter capable of 
being housed inside the motor generator \6, however, is structured 
such that even in the case that in the mu^i plate disc clutch, 
both of the motor generator 6 and the internal combustion engine 
13 are driven, the driving force thereof can\be reliably 
transmitted to the input shaft 10. 
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On tdie contrary, the turbine runner 16 is structured such as to 
be conivected to the hub 20 mentioned above so as to integrally 
rotate wYth the input shaft 10. 

Further\ the pump impeller 17 is fixed to the outer diameter 
portion 3 0cV>f the front cover 3 0 as mentioned above, and the hub 
17a is fixed another base portion. 

Further, a sjNseve 2 7 is arranged between the hub 17a and the 
input shaft 10 sc\as to surround the input shaft 10, and an inner 
cage of a one-way clutch 2 6 is fixed to a front end portion of the 
sleeve 27. Then, thel one-way clutch 26 is connected to the stator 
19. \ 

Further, on the contrary, an oil pump 22 is arranged between a 
left side of the torque converter 5 and the multi-stage speed 
change mechanism 2, and tha hub 17a mentioned above is rotatably 
supported on an inner periplreral surface of a pump case 2 2a 
thereof via a bush 23. Accoraingly , the disc portion 45b of the 
rotor 43 mentioned above is supported to the pump case 22a via the 
bolt 34a, the nut 34b, the frontVcover 30 and the hub 17a, however, 
it is possible to secure a wide sraan between two portions 
supporting the rotor 4 3 (that is, *qhe support portion by the crank 
shaft 52 and the support portion by the pump case 22a) . 
Accordingly, even in the case that th€* crank shaft 52 
eccentrically rotates as mentioned abo^e, an angle of deflection 
of the disc portion 45b in the rotor becomes small, so that it is 
possible to make a gap between the rotor 43 and the stator 4 2 
small, and it is possible to increase an ereiciency as the motor 
generator. In this case, an oil seal 25 is Arranged between the 
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punto case 22a and the hub 17a. Further, the sleeve 27 mentioned 
abov\ is extended from the oil pump 22. 

Fig.Y3 shows a partly modified embodiment. In this case, the 
same refVence numerals are attached to the same portions as those 
of the preceding embodiment and a description thereof will be 
omitted. Th\ engine crank shaft 52 in accordance with the present 
embodiment is \tructured such that the hole portion (the concave 
portion) 52a deeber than that of the preceding embodiment is 
formed on the end\>urface thereof, and an outer periphery of the 
end portion is rota^ably supported to an engine main body 13a via 
a bearing portion 60 \uch as a metal bearing or the like. 

Further, a shaft porSdon of a rotor, that is, the shaft portion 
45a formed in the center\of rotation of the support plate 45 
protrudes toward the engirap side. The protruding portion of the 
shaft portion 45a is formed\in a solid shape, and an annular 
protruding groove portion 4 6\is formed in an axially narrow area 
on the outer peripheral sur facte of the front end portion thereof. 
Further, the rotor shaft portion^ 45a longer than the preceding 
embodiment is inserted to the cresik shaft hole portion 5 2a, and 
the protruding groove portion 4 6 is in contact with the inner 
surface of the hole portion 52a so m to form the support portion. 

The protruding groove portion 4 6 i A which the support portion, 
that is, the rotor shaft portion 4 5a ik supported to the engine 
crank shaft 52, is arranged so that the ^bearing portion 60 of the 
crank shaft 5 2 and at least a part of the\protruding groove 
portion 4 6 are overlapped with each other i5n the axial direction. 

The support portion 4 6 by the crank shaft \f the rotor shaft 
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porti<3q 45a is arranged near the bearing portion 60 of the crank 
shaft, whereby the influence given by an increase of mass of the 
rotor in tlte motor generator 6 is not applied to the crank shaft 
by being directly supported by the bearing portion 6 0 via the 
crank shaft, tn*£t is, the force applied to the engine crank shaft 
by supporting the\ rotor 4 3 is directly supported by the bearing 
portion 60, wherebA the rotor gives a little influence to the 
crank shaft. FurtheA since the crank shaft portion supporting 
the rotor shaft portio\ is supported by the bearing portion 60, 
thereby not being oscilrkted, the eccentric rotation of the crank 
shaft 52 caused by the explosive vibration of the engine is not 
transmitted to the rotor 43. 

In this case, in Fig. 3, reference numeral 61 denotes a shield 
plate for shielding a leakage mux from the motor generator 6. 
The shield plate 61 is fixed in contact with the stator iron core 
42a at one end, axially extends iAthe opposite direction to the 
stator iron core on an axial outer peripheral surface of the 
stator coil 42b, and further extends \o an axial inner peripheral 
side toward the side portion of the rouor 43 along the stator coil, 
Accordingly, with respect to the leakagAflux from the stator coil 
42b, a closed loop is formed along a path\among the stator coil 
42b, the shield plate 61 and the stator irok core 42a so as to 
prevent the leakage flux from flowing to the\pther members, 
thereby preventing the rotational position detecting sensor 47 
from reducing a detecting accuracy and generating an erroneous 
operation due to the influence of the leakage flux. 

Figs. 4 to 8 are skeleton views showing variations of the rotor 
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support aspects, and Fig. 9 is a view explaining definitions of 
reference symbols used in Figs. 4 to 8 . That is, in Figs. 4 to 8, 
"■ (bl«ck square symbol)" denotes being drive connected and 
supported, and this means being fastened by a bolt or the like 
such as aMDOlt 34a (corresponding to Fig. 2) shown in Fig. 9(a). 
Further, "A (black circle symbol)" denotes only being drive 
connected, aird this means that a driving force is transmitted by a 
spline 501 connected to a flexible member and transmitting the 
driving force as\ shown in Fig. 9(b). Further, "O (outline circle 
symbol)" denotes only being supported, and this means only being 
supported and not transmitting a driving force such as the shaft 
portion 45a and the bole portion 52a (corresponding to Fig. 2) 
shown in Fig. 9(c). 3m this case, in Figs. 4 to 8, the member 
having the same reference numeral as that used in Figs. 1 and 2 
shows the same member as^ the member having the reference numeral 
used in Figs. 1 and 2. 

At first, Fig. 4 is a skeleton view of the embodiment shown in 
Figs. 1 and 2 mentioned abcwe. As has been already described, the 
rotor 43 is supported by twca elements constituted by the crank 
shaft 5 2 and the inner diameter portion 3 0a of the front cover in 
the torque converter. The gap\c is provided between the middle 
portion 3 0b of the front cover Vnd the rotor 43. 

As shown in Fig. 5, it is possible to fix and support the rotor 
4 3 to the inner diameter portion vOa (the input member) of the 
front cover in the torque converter. In this case, the gap C is 
also provided between the middle pobrtion 3 0b of the front cover 
and the rotor 43. 
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A s\ shown in Fig. 6, it is possible to support the rotor 4 3 to 
the cirank shaft 52. The crank shaft 52 and the inner diameter 
portio\ 3 0a (the input member) of the torque converter are 
supported so as to freely move relatively and are connected so as 
to freelyXmove in the axial direction. In this case, the gap C is 
also provided between the middle portion 3 0b of the front cover 
and the roto\ 43. 

As shown in\Fig. 7, it is possible to support £he rotor 43 by 
two elements constituted by the inner diameter portion 3 0a (the 
input member) ofVthe front cover in the torque converter and the 
motor housing 15 ftthe case). The rotor 43 and the inner diameter 
portion 30a are integrally fixed, and the rotor 43 is rotatably 
supported to the motVr housing 15 and connected to the crank shaft 
52 of the engine 13 s\ as to freely move in the axial direction. 
In this case, the gap & is also provided between the middle 
portion 30b of the fronA cover and the rotor 43. In this case, 
reference numeral 90 in Mg. 6 denotes a flex plate. 

As shown in Fig. 8, it ]K possible to support the rotor 43 by 
two elements constituted bAthe crank shaft 5 2 and the motor 
housing 15 (the case). The sotor 43 and the crank shaft 52 of the 
engine 13 are integrally fixeS, and the rotor 4 3 is rotatably 
supported to the motor housing\l5 and connected to the inner 
diameter portion 3 0a (the input Vmember ) of the front cover in the 
torque converter so as to freely \move in the axial direction. In 
this case, the gap C is also prov:raed between the middle portion 
3 0b of the front cover and the rotobr 43. 

As mentioned above, the rotor 4 3 qan be supported by either one 
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oeL the inner diameter portion 3 0a of the front cover in the torque 
converter and the crank shaft 52 of the engine 13 or a combination 
of an\ two of the inner diameter portion 3 0a of the front cover in 
the torque converter, the motor housing 15 (the case) and the 
crank shai^t 52 of the engine 13. 

A description will be given below of an operation of the. present 
drive apparatus 1 for the hybrid vehicle mentioned above. 

Here, in the ease that the vehicle is in a stop state, when a 
driver turns on ark ignition switch (not shown) and depresses an 
accelerator pedal (src. a time of a low throttle opening degree), an 
electric current is applied to the motor generator 6 from a 
battery (not shown) and^the motor generator 6 functions as a motor. 
That is, when a controlled (not shown) applies the electric 
current to the coil 42b of \he stator 42 at a suitable timing on 
the basis of a signal (the position of the rotor 43) from the 
sensor 47, the rotor 43 rotates^ in a forward moving direction and 
at a high efficiency, and the ro\ational driving force is 
transmitted to the torque converted 5 via the support plate 45, 
the bolt 34a and the nut 34b, is increased on the basis of a 
predetermined torque ratio by the torque converter 5 and is 
thereafter transmitted to the input shafcft 10. 

When the vehicle starts, the fuel injection apparatus of the 
internal combustion engine 13 is not operated and the engine 13 is 
in a stop state, so that the vehicle starts Vn accordance only 
with the driving force from the motor generator 6. In this case, 
since the support plate 45 is rotated in the mariner mentioned 
above, the crank shaft 52 is rotated via the input plate 51 and 
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the obrive plate 55, so that the piston oscillates while repeating 
compression and release of the air in the cylinder chamber. In 
this casV the motor generator 6 has a drive characteristic of 
outputtin^a high torque at a time of a low rotational number, and 
the vehicle Nsmoothly starts and travels at a predetermined torque ' 
due to an increase of the torque ratio of the torque converter 5 
and a high torqute ratio generated by a first speed stage of the 
multi-stage speedV:hange mechanism 2. 

Further, even in \he case that the speed immediately after the 
vehicle starts is combaratively low, when the accelerator pedal is 
depressed so as to accelerate and climb up, resulting in that the 
throttle is opened at a \evel equal to or more than a fixed 
opening degree, the fuel objection apparatus is operated, the 
motor generator 6 functionsXas a starter motor, the ignition plug 
is ignited and the internal aombustion engine 13 is started. 
Accordingly, the crank shaft TO is rotated, and the rotational 
driving force is transmitted toVthe support plate 45 via the drive 
plate 55 and the input plate 51. \ Then, both driving forces of the 
internal combustion engine 13 and \he motor generator 6 
functioning as the motor are added ko as to be transmitted to the 
torque converter 5, and the vehicle i3s traveled by a large driving 
force. At this time, the multi-stage speed change mechanism 2 is 
shifted up, and the rotation at a desired rotational speed is 
transmitted to the driving wheel. 

Then, in the case that the vehicle is iA a normal high speed 
traveling state, the motor generator 6 is nb-load driven (controls 
a motor output so as to offset the torque generated by a counter 
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electromotive force generated in the motor), and the motor 
generato\ 6 is raced. Accordingly, the vehicle exclusively 
travels ir\ accordance with the driving force only by the internal 
combustion engine 13. 

Here, in th\ case that a state of charge (SOC) of the battery is 
small, the energy is regenerated by functioning the motor 
generator 6 as a \enerator. In the drive state by the internal 
combustion engine or the drive state assisted by the motor in 
addition to the interaal combustion engine 13 (in some cases, in 
the drive state only b\ the motor), the multi plate disc clutch 
(the outer friction plat^B 37 and the inner friction plate 36) are 
connected by changing to ^ie direction of the converter pressure 
so as to move the piston plVte 40. Accordingly, the torque 
transmitted to the front cover 3 0 is directly transmitted to the 
input shaft 10 via the drum 3^, the outer friction plate 37, the 
inner friction plate 36, the hub 35, the damper spring 3 8 and the 
turbine hub 2 0 without passing tkrough the oil flow of the torque 
converter. X 

Further, in the case that the ou-qput of the internal combustion 
engine 13 has room such as at a timeXof a normal low or middle 
speed travel or at a time of a travelXon a descending road, the 
motor generator 6 is functioned as theXgenerator so as to charge 
the battery, in accordance with the SOcXof the battery. In 
particular, in the case that the engine ferake is required at a 
time of the travel on the descending roadV it is possible to 
obtain a sufficient engine brake effect byX increasing a 
regenerating electric power of the motor generator 6 corresponding 
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to the generator. Further, in the case that the driver depresses 
a foot brake pecfcal so as to reduce the speed of the vehicle, the 
regenerating elect\ic power of the motor generator 6 is further 
increased, the motorXgenerator 6 is operated as a regenerating 
brake, an inertia enej\y of the vehicle is regenerated as an 
electric power, and a b^ake force generated by the friction brake 
is reduced, whereby an enVrgy consumption due to a heat radiation 
is reduced. Further, the mbtor generator 6 is made in a 
regenerating state so as to \drive the engine in a high efficiency 
area even in the middle speedX range, whereby it is possible to 
improve engine efficiency and \t is possible to increase a motor 
travel on the basis of the electbric charge of the battery due to 
the regeneration mentioned above ,X so that energy efficiency can be 
improved . X 

Then, in a state that the vehicleXstops at a signal or the like, 
the motor generator 6 is stopped and\the fuel injection apparatus 
is turned off, whereby the internal cobbustion engine is also 
stopped. That is, an idling state in trte conventional engine is 
lost. Further, the vehicle is started from the stop state in the 
manner mentioned above, that is, at first \the vehicle starts on 
the basis of the motor driving force of theXmotor generator 6, the 
engine is started by the motor driving forceVln the comparatively 
low speed state immediately thereafter, the vehicle is smoothly 
driven by being assisted by the driving force o\ the motor 6 
without a rapid driving force change of the enginte, and the motor 
generator 6 is used as the regenerating brake at aytime when the 
engine brake is required and the vehicle is braked a|nd stopped, so 
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as to regenfeqrate the vehicle inertia energy as the electric energy. 
Further, in thevarea having poor engine efficiency such as at a 
time low load or extremely low load of the engine, the vehicle is 
driven by the motor \ Due to the combination of these, the present 
hybrid vehicle can savte the specific fuel consumption and reduce 
the exhaust gas. \ 

In this case, in the eirobodiment mentioned above, there is shown 
examples in which the present invention is applied to the FF type 
automatic transmission Di. However, the structure is not limited 
to this, and the present invention may be applied to an automatic 
transmission of an FR type or an automatic transmission of a CVT 
type . \ 

Next, a description will be givlen of effect of the present 
embodiment . \ 

In accordance with the present embodiment, since the motor 
generator 6 constituted by the stator 42 and the rotor 43 is 
arranged in the outer diameter side of the torque converter 5 
(accurately in the outer diameter side\of the middle portion 3 0b 
of the front cover 30) and at the position axially overlapping 
with the torque converter 5, it is possitole to reduce the axial 
dimension in comparison with the structure in which the motor 
generator and the torque converter are noA overlapped with each 
other, and it is possible to make the apparatus compact. 

Further, in accordance with the present embodiment, since the 
fixing member for rotatably supporting the inptor 4 3 is not 
required, it is possible to reduce the axial \dimension of the 
apparatus and it is possible to make the apparatus compact. 
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On theN^ontrary , in the internal combustion engine 13, since the 
piston is reciprocated due to the explosion within the cylinder 
chamber and the cr^nk shaft 52 is rotated due to the reciprocation, 
the crank shaft 52 easily rotates eccentrically. However, since 
the crank shaft 52 and the rotor support plate 45 are connected 
via the input plate 51, thedrive plate 55 and the like, the 
eccentric rotation mentioned\is absorbed due to deflection of the 
plates 51 and 55. Further, in\the shaft portion 45a of the rotor 
support plate 45, only the narrow annular protruding groove 
portion 46 is in contact with the\crank shaft 52. Accordingly, it 
is possible to reduce the transmission of the explosive vibration 


of the internal combustion engine 


to the rotor support plate 45 


due to a synergetic effect of them, accordingly it is possible to 
reduce the gap between the rotor 43 arM the stator 42 , and it is 


possible to increase efficiency of the motor generator. 

In particular, as shown in Fig. 3, whin the portion 4 6 in which 
the rotor shaft portion 45a is supported^by the engine crank shaft 
52 is arranged so as to be overlapped wit! the bearing portion 60 
supporting the crank shaft, it is also possible to directly 
support the force applied to the crank shaft due to supporting the 
rotor by the bearing portion 60. It is alsol possible to reduce 
the influence which the rotor gives to the cAank shaft. Further, 
since the portion supporting the rotor shaft feortion in the crank 
shaft is directly supported by the bearing poiStion so as not to be 
oscillated, the eccentric rotation of the cranJj shaft is not 
transmitted to the rotor, it is possible to imrarove the support 
accuracy of the rotor and it is possible to further reliably 
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increas*6Lef f iciency of the motor generator obtained by the 
reduction ofSthe air gap. 

Further, on tnte contrary, the disc portion 45b of the rotor 43 
is fixed to the inn^r diameter portion 30a of the front cover 30 
opposing the disc portion 45b and in the outer diameter side of 
the front cover 30. Further, the rotor 43 is centered by the 
axially movable center piecfe 31. Accordingly, even if the front 
cover 3 0 is deformed by hydraNalic pressure supplied to the 
converter chamber B, due to thel synergetic effect, it is possible 
to prevent the centering accuracy of the rotor 43 from being 
deteriorated. \ 

Further, since the gap C exists between the middle portion 30b 
of the torque converter 5 and the holding portion 45c of the rotor 
43, and the rotor 43 is supported by &he other than the middle 
portion 3 0b of the torque converter 5 , \t he position of the rotor 
43 does not move even if the torque converter 5 is deformed by the 
centrifugal hydraulic pressure or the li&e. Accordingly, there is 
not generated a disadvantage that the rotor 43 moves in the 
diametrical direction so as to be interfered with the stator 42. 
Further, since there is not generated an interference between the 
rotor 43 and the stator 42, it is not necessary to secure the 
interval between the stator 42 and the rotor 143 to be larger, and 
thus efficiency of the motor is not reduced. Vurther, the heat 
output from the torque converter 5 is not easily transmitted to 
the rotor 43 and a function of the magnet is nat deteriorated. 
Further, since the positions of the lockup clutch 3 and the rotor 
4 3 are moved apart from each other by the gap CA the dusts such as 
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ther*9=^n powders or the like are not stored in the lockup clutch 3 
due to theS^agnetic flux generated from the magnet, and the 
operation of tn^lockup clutch 3 is not prevented. 

In this case, tnk dimension of the gap C mentioned above is 
sufficient to be between 0.8 and 3.5 mm, and particularly is 2 mm. 
The diametrical displacement of the middle portion 30b of the 
torque converter 5 is abou£ 0.5 to 1 mm, however, the above value 
is set by taking the influence of the magnetic flux from the rotor 
43 into consideration. \ 

On the contrary, in accordance with the present embodiment, 
hydraulic pressure (that is, thA charge pressure or the 
centrifugal hydraulic pressure) i\ applied to the converter 
chamber B formed by the front coven 3 0 and the outer shell of the 
pump impeller 17, however, the frona cover 3 0 has the step-like 
middle portion 3 0b extending in the c&cial direction as mentioned 
above and has a strongly-built structuVe, thereby not being easily 
deformed. \ 

Further, in accordance with the present embodiment, since the 
sensor 4 7 detecting the phase of the rotor 43 is arranged in the 
outer diameter side of the motor generator\6 so as to detect the 
extended portion of the flex plate, it is sufficient that the 
sensor 4 7 is directly supported by the frontXend portion of the 
fixing member such as the motor housing or the like, and it is 
unnecessary to arrange the fixing member for supporting the sensor 
47 along the flex plate or the rotor 43, so that it is possible to 
reduce the axial dimension of the apparatus. Farther, by 
detecting the phase of the rotor 43 of the motor generator 6 with 
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mg the flex plate, it is possible to detect the phase without 
providing with a new member for being detected . 


INDUSTRIAL APPLICABILITY 

As mentioned above, the drive apparatus for the hybrid vehicle 
in accordance with the present invention is useful for the drive 
apparatus forYthe hybrid vehicle such as the passenger car, the 
truck, the bus \pr the like, and is particularly suitable for being 
used as the dri^^e apparatus in an automobile for which a compact 
size is required, 


34 


